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I INTRODUCTION
The inforrr.ation concerning the structure of the atom, which
may be obtained from a study of the collisions of electrons with the
atoms is to some extent conditioned by the velocity of the imping-
ing; electrons. The phenomena attending such collisions of electrons
with gas molecules may be roughly presented in three groups, accord-
ins: to the velocity of the colliding; electrons.
In the first place, if the electron possesses very high ve-
locity, as is the case with ^3 particles froir radioactive materials,
the collision does net effect the molecule to any great extent (l).
The electron, being extremely small in comparison with the size of
the molecule, nay simply fly through the system without even removing
an electron from it. A molecule which has either lost or gained one
or more electrons is said to be ionised. It is found that the ioni-
zation produced by (3> or cathode rays depends upon their velocities
g
and is a maximum when the electrons have a velocity of about 9 x 10
cm. per sec. (2). This ionization is in general accompanied by scire
type of radiation. Occasionally these rapidly moving electrons are
deflected from their paths through very large angles, indicating that
they have passed through very intense fields of force (3). This must
mean that the nucleus of the atom i3 very small (4) if the inverse
square law of electric a.ction is valid for these small distances.
In the second place, the question arises as to whether there
is a minimum velocity which the electron must possess before it i3
able to detach an electron from an atom or molecule by impact. So
far as experiment has gone in this direction it seems that there is
such a minimum velocity of the electron and that this minimum
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velocity is a characteristic constant of the Atom or molecule (5).
It is customary to express the velocity of an electron in terms of
the potential difference through which it must fall in order to ac-
quire such a velocity. Thug a velocity of 1 x 108 cm. per sec. cor-
Q
responds appro ximat ely to 3 volts potential difference and 9 x 10
cm. per sec. corresponds to 300 volts. The minimum velocities for
the production of ionization are thus called the ionization poten-
tials of the atoms or molecules. The ionization potentials for all
pases and vapors which have been investigated lie between 1.5 volts
and 21 volts (6). These characteristic quantities srive information
concernins- the cuter part of the atom where the detachable electrons
are located. It has been shown that these collisions of electrons,
possessing the ionizing velocity, produce very complicated effects
within the atom. For instance, the ionization of an atom or molecule
may or may not be accompanied by the emission of radiation. Moreover
for certain velocities above the ionizing velocity it is, in some
cases, possible to have radiation emitted from the atom without the
detachment of an electron (7).
Finally, the collisions of electrons having velocities lever
than the ionizing velocity should give further information concerning
the field of force surrounding the atom. It has been shown (s) that
under these conditions of low velocities the collisions of electrons
with the atoms of the inert gases are practically elastic, while col-
lisions with the atoms of the common pases are quite inelastic.
It is thus seen that a thorough study of the collisions of
electrons with ga3 molecules will make it possible to draw many con-
clusions concerning the structure of the atom. Already these investi
gations have suggested questions of fundamental importance and the
work is only in its preliminary stages. The present investigation is

concerned with the conditions which determine the number of col-
lisions which an electron can make while moving a distance of one
centimeter in the gas. Work of this nature has been reported by
Compton and Penade (9). However, their experimental conditions were
such as to make it almost impossible to compare their results with
the ones given in this paper. Since these investigators used an
electron stream of very high density, while in the present work a
stream of very low density is U3ed, this paper may be considered as
of the sarre nature though not a reproduction of their work.
II SIMPLE THTTO^Y OF THF EXP^IMENT
In its simplest form, the experiment consisted in measuring
the electron current between two elec-
B x =x
trodes « and B, Fig. 1, for different dis-
A v _ tance3 between them* the soace bet-.ve^n
the electrodes bein? filled with the £as
Fir. 1 under investigation.
Let the electrode A be designated as the plane x = and the
electrode B as the plane x = x. Let n be the number of electrons
which start from the plane x = and let n be the number which reach
the pl?»ne x = x without a collision. If oc is the number of collisions
per centimeter for each electron, then the number of collisions in
the distance dx at the plane x = x will be
n a dx.
If the electron is stopped when it makes a collision, the number of
electrons which will be stopped in the space between x and x + dx
will be
dn = -nocdx

from which
_ax
n = C e~
but
Therefore
and
n = n when x = 0.
C = n
-ax
n = n e
This expression gives the number of electrons which will reach the
plane x = x in terms of the number n which started at the plane
x = 0. If when
x = d]_, n = n^ and when x d2 , n = ng
then
log £i = - OCCdn-dJ.
n2
1 2
If i is the current which flows between the electrodes when they are
d centimeters apart
nl *1
log"—-- = 10S--T
—
2 3
and therefore
logii = -a(d--dp) (1)
gives the relation between the current and distance between the
electrodes. Thus, if leg—=- be plotted aerainst (d-,-dP ) the curVei 3
should be a straight line with - a as the slope. The number of col-
lisions per centimeter, (or), for t*p electron is thus readily ob-
tained from this straisht line.
In order to test equation (l) experimentally it is neces-
sary to apply a potential difference between the electrodes & and B
in such a way as to draw the electrons back to A as soon as their
velocities are reduced to zero. If this were not done the electrons
would tend to accumulate in the space between the electrodes and
thus stop the current. It should be noticed that the introduction
of this retarding- potential difference should not change the nature

5of the phenomenon, because the current which passes between the elec-
trodes and acai^st the applied electric field is independent of the
distance between the electrodes if no gas is present. The experiment
is concerned only with changes of the current as the distance between
the electrodes is changed and this varia.tion must then be due to the
collisions of the electrons with the gas molecules.
Ill THF APPAPATUS AND METHOD
The apparatus is diagram.at ically represented in Fig. 2, which
is drawn approximately to scale. The glass vessel L, which was 7 cm.
in diameter, could be thoroughly exhausted and then filled to the de-
sired pressure with nitrogen. It was possible to seal the tube with-
out the use of any waxed joints by simply closing the mercury valve
N. Mercury vapor was excluded by immersing the trap T in liquid air.
Electrons from the top surface of the hot platinum cup C were accel-
erated toward A by a potential difference, V^, applied between A and
C. Some of these electrons which arrived at A passed through the
platinum gauze and entered the region between A and B. Here the
electrons encountered the retarding potential difference, vV,, which
was established between the movable electrode B and the fixed elec-
trode A. This difference of potential, Vg, was less than the accel-
erating potential difference, and this was always less than 7.5 volts
the ionizing potential of nitrogen. Thus the electrons which suc-
ceeded in getting through the gauze could reach the electrode B un-
less they collided with gas molecules on the way. It is evident,
then, that a study of the relation between the current which passes
between A and B and the distance between these electrodes should give
information from which the number of collisions P er centimeter path


t


for an electron could be calculated.
Tho electrod a A and B were platinum disks, 6 cm. in diameter
The central portion of A was cut out and covered With a gauze. B
was supported by a fine copper wire which slid over the copper cylin-
der K and extended down to F where it was fastened. K was electri-
cally connected to the electrode J. The distance between the plati-
num electrodes A and B could be changed by sliding the iron clamp F
by means of an electromagnet. The platinum cup, C, which served as
the source of the electrons was surrounded by a copper cylinder D and
electrically connected with it. This system could be maintained at
any desired potential through the electrode I. The platinum cup was
1.4 cm. in diameter and 1.5 cm. deep; it was welled out of platinum
foil .01 mm. thick, and heated by means of the tungsten spirals P.
50 watts through the spirals was sufficient to heat the upper surface
of the cup to ^ very bright red color; at this temperature the elec-
Q
tron current emitted from it was about 2 x 10" amperes. These two
plane spirals, which were about 1 cm. in cross section, were wound in
such a way tha.t their magnetic fields, produced by the heating cur-
rent, neutralized each other. The heating circuit was insulated from
the platinum cup. The copper shield D eliminated the effect of the
electric field due to the potential drop of 4 volts across the hot
spirals. The heated platinum cup served as an equi-potent ial source
of electrons. This has a distinct advantage over the simple hot wire
source of electrons which involves the potential drop along the heat-
ed wire, in that the accelerating potential differences are accurate-
ly known, and the electron stream is much more homogeneous so far as
the velocity of the electrons is concerned. The total electron cur-
rent from C was measured by means of a hierh sensitivity Leeds and

8Northrup L:alvanomet ar, G. The currents between A and B were of the
order of magnitude of 10~
10
amperes and were measured by rreans of
an electrometer E, and high carbon resistance, Rj. The electrometer
EQ was used to measure the potential difference between A and B and
this was kept constant during any one experiment. The distance be-
tween the electrodes wae measured by a cathetometer with lon^ focu9
microscope and reading to .01 cm. In order tc guard against dis-
tortion of the electric field between A and B the distance between
them was kept less than 4 cm. The potential of the different part9
of the system was fixed by adjusting the sliding contacts on the
rheostat, P^, which carried a constant current from a set of storage
cells. The apparatus was well insulated and earthed at only one
point. The heating current for the tungsten spirals, B t was about
11 amperes and this was obtained from a set cf large storage batter-
ies of 40 amperes normal discharge rate. With two groups of seven
cells each, connected in parallel, and a rheostat with fine adjust-
ment, it wa3 possible to keep the electron current as indicated by
the galvanometer G, constant to within one percent or less. However,
frequent adjustments were necessary and indeed the accuracy of the
results is limited by the variable nature of this electron current
from the hot surface.
Before the nitrogen was introduced the glass vessel was
thoroughly exhausted by a pumping system consisting of a Langmuir
condensation pump supported by a Gaede rotary mercury pump and Gaede
box pump. The pumping was continued for several hours while the
platinum cup- was heated to a very bright red color. Even during
this intense heating the system could be exhausted to a pressure less
than .000001 mm., which was the smallest pressure detectable on the
McLosd gauge. After this thorough exhaustion the nitrogen was

9introduced at the desired pressure and this pressure could be rrain-
tained constant to within two percent for many hours, even while the
heating continued. It is the constancy of the pressure which is im-
portant so far as this experiment is concerned. If the level of the
liquid air around the mercury vapor trap was kept constant it vrai
possible to keep the pressure practically the same indefinitely.
The nitrogen was obtained fro>r the air and contained argon
and the other inert gases as impurities. However, all other impuri-
ties were carefullv removed. The argon could not affect the results
by more than one percent. Dr. F. 0. Anderegg, of the chemistry
Department, was kind enough to prepare the nitrogen which was used in
this investigation.
IV RESULTS
A. Relation Between Current and Distance Electrode B is
Moved . - The equation (l) above was found to represent the facts to
within experimental error for the apparatus used. The curves Nos. 1
to 13 which are here given were ts,ken under quite different condi-
tions but in each case the data is best represented by a straight
line if loe „X is plotted asainst (d-,-dQ ). For small retarding pcten-
i 3
tial differences between A 'and B there was a tendency for the cur-
rent to decrease too rapidly when the distance between the electrodes
was over 3.5 cm. This was probably due to the accumulation of chareres
on the glass wall and also to the space charge between the electrodes.
Both these effects would be small fcr high potential differences.
However, it is important to notice that the curves are all straight
lines when the distance (d -d ) ie small. The value of cc as obtained
1 Ct
from the curve is given in each case. Compton and Benade (9) found,
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that for small distances between the electrodes in their apparatus
there was a very marked deviation of the curves from a straight line.
The actual data is given for a number of the curves. The slight in-
crease in pressure which occurred in most cases was to a large ex-
tent due to the evaporation of the lia.uid air around the trap T. If
this was kept carefully adjusted the pressure remained very constant.
In Curve No. 9 the pressure decreased because during the experiment
the level of uhe liquid air around the mercury vapor trap was Blight*
ly raised. Whenever a point wa3 very far off the straight line it
was noticed that the electron current had changed slightly. The to-
tal electron current emitted from the hot surface C may be obtained
from the galvanometer reading in the first column by multiplying by
2 x 10"10
.
About one-tenth of this current passed through the gauze
and reached P.
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DATA F0*3 CUPVF NO. 1
Accelerating P. D. 7 volts Initial Pressure .0240 mrr.
Petarding P.D. 4 volts Final Pressure .0243 mrr..
Reading of F2 105 Heating Current 10.8 arrp.
Pan A i T\ CY
of
Galvanomet er
zero =
of
Fleet romet er
zero «= 250
ijx s c w run. v w sr
Deflection
i
iat ne&omexer
Reading
d
D i s tanc e
Fleet rode
moved
al-d2
looiL
lu, \J TZm. ivo. u mm
.
196. 2
Du, ? mm. o. yb cm. <c cm. . 2718
1 R7 T
187. 1
CP Qbo, © O 7QvT. 2. 36
.
2048
i rp n
182. 4
b t , o O eta. 2. oy
.
1722
12. 177.
177. 6
72. 7 10 17 1 RR
. -L t X 15
12. 173. 4
173. 8
76. 4 10. 52 1. 23
. 1203
12. 163. 2
163. 2
86. 8 11. 02
. 73
. 064S
12. 157. 8
157. 8
92. 3 11. 39
. 36
.
0387
12. 14S. 1
149. 2
100. 8 11. 75

U. OF I. S. S, FCM3
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DATA FOo CURVE NO. 2
Accelerating P. D.
Retarding P.D.
Reading of E2
6 volta
5 volts
250
Initial Pressure .0264 rr.rr.
Final Pressure
. 0266 ram.
Keating Current 13.05 amp.
Peading
of
Galvanomet er
G
zero =
Reading
of
Fleet romet er
El
zero = 250
Electrometer
Deflection
i
Cathetom^t er
Reading
d
Distance
Electrode
moved
d1-da
log
12. mm.
12.
12.
12.
12.
12.
12.0
lc
12.
12.
12.
226. rrm.
226.
222. 7
222. 9
218.
217. 3
212. 1
212. 1
203. 6
203. 8
195. 8
195. 5
188. 6
188. 6
182. 5
182. 7
170. 6
170. 9
159. 5
158. 4
158,
159. 5
24. mm.
27. 2
32. 05
37. S
46. 3
54. 35
61. 4
67. 4
79. 25
91. 05
32. 25
8. 44 cm.
8. 81
9. 16
9. 63
10. 20
10. 58
10. 94
11. 11
11. 55
11. 91
11. 91
3. 47 cm
3. 10
2. 75
2. 28
1. 71
1. 33
.
97
. 80
. 36
.
5847
. 5304
. 4591
. 3863
.
2994
. 2297
.
1768
. 1363
. 0659
.
0057

U. OF 1. S. S. FOIM 3
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DATA FOP CUHVE NO.
3
Accelerating P. D. 5 volts Initial Pressure .0248 mm.
Retarding P^D. 4 volts Final Pressure .0248 mm.
Peadint? of F2 206 Heating Current 11.00 amp.
Heading
cf
Galvanometer
G
zero =
Pea ding
of
Electrometer
F l
z arc = 250
Fleet rometer
Deflection
i
Cathetemeter
Reading
d
Distance
Elect rode
moved
d
x
-d
2
lOgT-^
x
2
12. mm. 170. 5 DUB.
170. 7
79. 4 mm. 11. 96 cm. cm.
12. 180. C
180.0
70. 11. 59 . 37
(
.
0547
12. 191.
191.0
59. 11. 25 . 71 . 1289
12. 201. 3
201. 5
48. 6 10. 58 1. 38 . 2132
12.0 209. 3
209. 5
40. 6 10. 00 1. 96 . 2913
12. 217. 5
217. 9
32. 3 S. 36 2. eo . 3906
12. 223.
223.
27. 8. 86 3. 10 . 4685
12. 227. 2
227. 3
22. S 8. 42 3. 54 . 5399

U. OF I. S. S. FO«M 3
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DATA FOP CUPVF NO. 4
•
Acoelerating P.D. 5 volts Initial Pressur
Retarding P.D. 4 volts Final Pressure
Reading of E2 119.4 Heating Current
ee . 0145 mm.
. 0148 mm.
10. 90 amp.
n 53,j x njc
of
G-alvanomet er
n
zero =
n sou
of
Electrometer
F
Sero1* 350
i
. v I *• w C ...
Deflection
i
P a f ]- ^tomat ot*WCe II I- v5 w v III C U r? X
Reading
d
U X 53 b - <_>
Flectrode
moved
dl"d2
o. u mm. ICS. O HUT:.
189. 6
CO *^ rn/yifcU, LUlil. XI. 85 cm. j cm.
9. 194.
li:4. U
56. 11. 59 . 26 . 0321
9. 199. 9
200. 1
50. 11. ^3
. 62
.
0813
9. 204. 8
204. 8
45. 2 10. 74 1. 11 . 1252
9. 209. 8
210. 6
39. 8 • 10. 17 1. 68 . 1804
9. 215. 8
215. 9
34. 2 9. 70 2. 15
.
2463
9. 222.
222.
28. 9. 13 2. 72 . 3333
9.0 226. 9
227.
23. 1 8. 39 3. 46
.
4167

U, OF 1. S. S. FO«»M 3
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DATA. FOP CURVF NO . 5
Accelerating P. D. 5 volt9 Initial Pressure .0272
Retarding P. D. 3 volts Final Pressure ,0276
Reading of F2 151.3 Heating Current 10.80
mm.
mm.
amp.
Reading
of
Galvanometer
G
z e ro =
Reading
of
Fleet rometer
El
zero = 250
Electrometer
Deflection
i
Cathetometer
Reading
d
Distance
Flectrode
moved
1 2
f
losril
"
x2
9. mm. 188. 4 mm.
loo. O
61. 5 mm. 11. 80 cm. cm.
9. 192. 6
192. 7
57. 4 11. 55 . 25 . 0307
9. 196. 9
197.
53. 1 11. 26 . 52 . 0645
9.0 202.
203.
48. 10.90 .90 . 1083
9.0 207.
207.
43.. 10. 46 1. 34 . 1561
9. 215. 7
215. 9
34. 3 9.79 2. CI . 2555
9. 220. 6
220. 6
29. 4 9. 27 2. 56 . 3212

U. OF 1. S. S. FORM 3
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DATA FOP CUDV^ NO. 6
Accelerating: P.D. 5 volts Initial Pressure .0235 ram.
Retarding P.D. 2 volts Final Pressure .0237 mra.
Reading of Eg 105 Heating Current 11.00 amp.
Reading
of
Galvanomet er
G
zero —
Reading
ofw J.
Electrometer
E
l
zero = 250
Electrometer
i
Cathetomet er
d
Distance
i.iCOl/IUUC
moved
d l~d2
lOgii-
x
2
12. mra. 150. mm.
150. 1
99. 95 mm. 12. 07 cm. cm.
12. 152. 8
153. 1
97.05 11. 77
. 30
.
0128
12. 159.0
159.
91. 11. 46
. 61 . 0407
12. 164. C
164.0
86.0 11.01
. 96
.
0653
12. 173. 5
173. 5
76, 5 10. 51 1. 46
.
1151
12. C 174. 5
174. 5
75. 5 10. 31 1. 76 . 1244
12. 183.
183.
67. 9. 71 2. 36 . 1737

U. OF ). S. S. FORM 3
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DAT* FOR CURVE NO. 7
Accelerating P.D. 5 volts Initial Pressure .0208 mm.
Retarding; P.D. 2 volts Final Pressure .0212 mm.
Reading of E9 108 Heating Current 10. SO amp.
Reading
of
Galva.nomet er
G
zero =
Reading
of
Electrometer
zero = 250
Electrometer
Deflection
i
Cathetomet er
Reading-
d
Distarce
Electrode
moved
Vd2
10 mm O mmJLUW • ^ III III *
163.
P? mm. 11 77 r»m nm o
10. 168. 8
168. 8
81. 2 11. 46
.
31 . 0299
10. 178.
178.
72. 11. 06 . 71 . 0822
10.0 ISO. 5
180. 6
69. 5 10. 58 1. IS
.
0975
10. 187. 2
187. 2
62. 8 10. 00 1. 77 . 1413
10. 193. 9
194. 3
55. 9 9. 46 2. 31 . 1921

u. of i. s. s. ro^w 3
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OA"" A FO^ NO. 8
Accelerating P. D. 4 volts Initial Pressure .0266
Retarding P. D. 5 volts Final Pressure .0267
Reading of E
g
160 Heating Current 11.08
mm.
mm.
amp.
Peading
of
Galvanometer
G
zero
Reading
of
Electrometer
El
zero = 250
Electrometer
Deflection
i
Cathetomet er
Reading
d
Distance
Electrode
mcved
di-d2
logii
12. mm. 158. 4 mm.
158. 2
91. 7 mm. 11. 91 cm. cm. u
12. 158. 6
lob . U
81. 2 11. 57 . 34 . 0528
12. 181. 8
132. 2
68. 11. 11 '. 80
. 1299
12. 195. 2
1S5. 6
54. 6 10. 52 1. 38 . 2252
12. 205. 1
205. 1
44. S 9. 67 2. 04
.
3101
12. 208.
208.
42. 9. 60 2. 31
. 3391
12. 213. 8
213. 9
36. 15 9. 1? 2. 74
.
4055
12. 219. 8
220.
30. 1 6. 76 3. 15

U. OF 1. S. S. FCM 3
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DATA FOP CURVE NO. 9
Accelerating P.D. 4 volts
Retar.lir.^ pTd. 3 volts
Reading of E2 160
Initial Pressure .0124
Final Pressure . 0123
Heating Current 11.05
trm
mm.
amp.
Reading
of
Galvanomet er
Lr
zero - C
ReadiriE
of
Electrometer
E
l
zero = 250
El
D
ect romet er
eflection
i
Cat hetornet er
Reading
d
Distance
Fleet rode
moved
d, -d^1 6>
log£
2
lc>. U HUB, 197. 9 mm.
198.
52. mm. 8. 7b cm. 3. 16 cm.
. 2951
12. U TOT *7193. 3
193. 6
56. 55 9. 16 2. 76
. 2587
1<C. 188. 8
189. 9
60. 15 9. 52 2. 40
. 2319
12. 185. 2
185. 2
64. 8 9.77 2. 15
.
1996
12. 177.
177.
73. 10. 31 1. 61
.
1478
12. 169. 1
169. 4
80. 75 10. 79 1. 13
.
1040
12. 161. 7
161. 9
88. 2 11. 20
. 72
. 0657
12. 151. 2
151. 5
98. 65 11. 62
.
30
12. 147. 3
147. 5
\
102. 6 11. 92

U. Or 1. S. S. FO^M 3

DATA FOR CURVE NO. 10
Accelerating P.E. 3 vclts Initial Pressure .0230 rrrr.
Retarding P.D. 2 volts Final Pressure .0234 rr.rr.
Read ins: of ?2 100 Heatine; Current 10.95 amp.
Reading
of
G&lvancnet er
G
z e re =
Heading
of
Fleet romet er
sere = 350
Fl ect ro?r:et er
reflect ion
i
Oath etcmet er
Reading
d
Fistance
Flectrode
moved
drd2
12.0 mm. 183. 2 mm.
183. 5
66. 65 mm. 11. 84 cm. cm.
12. 190. 1
t on A
59. 95 11. 56 . 28
.
0460
12. 194. 4 55. 45 11. 28
. 56
. 07S9
12. 202. 5
£>\jC, , r
47. 4 10, 84 1. 00
. 1480
12. 207.
207.
42.0 10. 54 1. 30
.
2005
12. 211. 4
211. 3
38. 65 10. 18 1. 66
. 3366
12. 214. 8
215.
35. 1 9. 88 1. 96
.
27 85
12. 198. 3
197. 9
51. 9 11. 11
.
73
. 1086
12. 193.
193. 1
56.95 11. 41
. 43
. 0683
12. 189. 8
189. 8
60. 2 11. 60
. 24
.
044-2

U. OF I. S. S. FORM 3

U. OF I, S. S. FORM 3

U. OF 1. 3. S. FOBM 3

U. OF 1. S. S. FQHM 3

J OF 1. S. S. FQ3M 3
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B. Relation Between Pressure andQC. - Curve No. 14 shows th-vt
the number of collisions which the electron makes in one centimeter
distance varies directly as the pressure of the gas. The retarding
and accelerating potential differences were kept constant during
these experiments, the pressure alone being varied. This result is
what would be expected since the greater the number of gas molecules
present the more collisions the electron .vill make in a unit distance
This seems to be the first time that this relation has been actually
tested for slow moving electrons. ^or the sake of comparisons it is
well to reduce OC to a pressure of one mm. of mercurv. This is per-
missible in view of the relation just established. Then if p is the
pressure
2 = N,
P
is the number of collisions an electron would make with the gas mole-
cules if the pressure of the gas were one mm. The three points
marked P on Curve 14 were calculated from data te.ken at times about
two weeks apart, and serve as a check on the constancy of the system.
C. Relation Between N and th e Veloci ty of the Flee t rons. -
The electron stream which was used in these experiments contained
electrons with very different velocities. Curve 15 shows the per-
centage of electrons which had a given velocity when the accelerating
potential difference was 6 volts. It will be seen that the maximum
point on the curve is at 6.2 volts whereas, it should be at 6 volts
if the electrons leave the hot metal with zero velocity. The differ-
ence, 0.2 volts, represents the velocity of most of the electrons as
they are emitted fro,/; the hot platinum plate. Only 21 percent of the
electrons had t&e velocity which they would have acquired if they had

U. OF 1. S. S. FO«*M 3
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fallen freely through the accelerating potential difference cf 6
volts. In spite of this non-horrogeneity of the electron stream the
relation between the current and distance the electrode E is moved
was still given by equation (l) above. This must rrean that OC %r. d
therefore N is independent cf the velocity of the electrons. This
point was further te3ted by varying the accelerating and retarding
potentials in such a way as to keep their difference constant. The
data tabulated in Fig. 3 shows that N is indeed independent of the
initial velocity of the electrons if this velocity is below the
ionization velocity.
Accelerating Retarding
Potential Potential N
Difference Difference
3 volts 2 volts 6. 05
4 3 6. 02
5 4 6. 10
6 5 6. 40
7 6 6. 30
Fig. 3
Curve No. 15 was obtained by graphical differentiation of curve No, 16.
The derivative is then plotted against the velocity of the electrons.
The total area under this curve is proportional to the total cur-
rent. The percent of the current carried by electrons having velo-
cities between two limits is then obtained by.dividing the area of
this strip under the curve by the total area under the curve. These
ratios are plotted against the velocity in Gurve No. 15. This is the
usual method for obtaining "velocity-distribution" curves.
D. Relation Between N and the Retarding Potential Difference
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Pet we an A and B. - In general, N increases 9.3 the retardirw ?. D. in-
creases, If the accelerating P. D. is kept constant. This relation
is shown by Curve No. 17 for which the accelerating P.D. was 3 volts.
Similar results were obtained for several other values of the poten-
tial differences. However, the significance of these results must
be further investigated.
V SUMMARY
The results of this investigation are:
1. An apparatus has been developed in which the collisions
of electrons 'With nitrogen molecules can be studied under control-
lable conditions of pressure. An equipot ential source of electrons
is used.
2. It has been experimentally demonstrated that for slow
moving- electrons the equation
log|i = - <X (da-d2 )
gives the relation between the currents and distance, when an elec-
trode is moved in nitrogen containing argon as an impurity.
3. The number of electron collisions per centimeter distance
varies directly as the pressure of the gas.
4. The number of electron collisions per centimeter distance
is independent of the initial velocity of the electrons.
5. The number of electron collisions per centimeter distance
depends upon the difference between the retarding and accelerating
potential differences.
The writer wishes to express his aporeciaticn to Professor
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i. P. Carman for the opportunity of carrying out this investigation, and
to Dr. J. Kunz for having su^.^st ed the problem and for much assist-
ance which he has kindly given.
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